Abstract. Outdoors, radon is quickly diluted to very low, not problematic concentrations but indoors, it can concentrate significantly. Places that are particularly exposed to an increased radon concentration from water sources are places where water is dispersed, e.g. bathrooms or areas in water treatment facilities. The aim of the paper is to present the calculation of radon escaping from water into the indoor area at home on the example of Mokre village. Mokre is supplied with water from an underground source containing radon 222 Rn in concentration of about 200 Bq/L. The obtained data has been compared with WHO recommendation (WHO, 2009) and literature review. Considering that 300 Bq·m −3 are equivalent to 10 mSv per year, which is equal to receiving approximately an annual full chest CT (computed tomography), the risk resulting from the emission of radon from tap water in Mokre has been assessed to be insignificant.
Introduction
Radon is a naturally occurring radioactive gas which may be found in indoor environments of buildings. The main source of radon in buildings is the ground underneath the building. But there are also other sources of this gas, such as construction materials, domestic water and gas supplies [1] [2] [3] . Outdoors, radon is quickly diluted to very low, not problematic concentrations for human health but indoors, it can concentrate significantly. Determining the indoor source magnitude requires knowledge of the generation of radon in source, its movement by diffusion and convection, and the means of its entry into buildings. The concept of radon potential can be used as a basis for estimating indoor radon concentrations and equivalent dose of ionizing radiation. However, it is not possible to accurately predict radon concentrations in individual houses because of the highly variable nature of factors. Comparing radon entering home through water to radon entering home through soil, the one from soil usually constitutes considerably higher risk. Radon is dissolved in groundwater and can be transported from the source, with water, into the building. Indoors, when water is exposed to air, radon is released. Showers and sprays are a prime release method and the greater the water usage, the greater the potential radon problem [3] [4] [5] [6] [7] .
Additionally, research has shown that risk of lung cancer from breathing radon in with air is much larger than risk of stomach cancer from consumption of water containing radon [8] [9] [10] [11] . Therefore, the main risk connected with radon in water comes from radon released into the air when water is used for showering and other household purposes. Places that are particularly exposed to an increased radon concentration from water sources are places where water is dispersed, e.g. bathrooms and in other home water facility (e.g. jacuzzi, faucet aerator). However, one should be aware that where high radon concentrations are identified in indoor air, this is nearly always due to ingress of radon from the soil rather than degassing from the drinking-water supply. Therefore, indoor radon identification is more important than its identification from drinking water. In many countries of Europe, standards of reference levels for radon concentration in domestic environments have been introduced. Fig. 1 . Reference levels for radon gas in domestic environments [12] ⃰ Poland (I) -in existing buildings put in the use before January 1, 1998; Poland (II) -in existing buildings put in the use after January 1, 1998; Switzerland (I) -advisory reference level; Switzerland (II) -compulsory reference level Figure 1 presents that, in the majority of European countries, the permittable radon concentration in a room is equal to 400 Bq/m 3 and is 300% higher from the concentration recommended by the World Health Organisation (WHO) which suggests that radon concentration in a building should be decreased when its value exceeds 100 Bq/m 
Description of Mokre water intake
Mokre intake is located in the southern part of Opole Voivodeship in Głubczyce district. This area is characterized by a very specific geological structure. The land surface mainly consists of Lower Carboniferous clastic works shaped in the form of shales, sandstones and conglomerates, all of these works are characterized by increased radioactivity (Fig. 2 ).
⃰ Fig. 2 . Location, radiation level and geological sketch of the Głubczyce district [13, 14] *Proterozoic and Cambrian-Silurian periods : 1 -gneisses and crystalline shales; Devon: 2 -slates, quartzites, phyllites, crystalline limestones, limestones, dolomites, marls, clay shales, greywackes and conglomerates; Carboniferous: 3 -conglomerates, greywackes, sandstones, mudstones and limestones; Cretaceous: Cenomanian and Turonian: 4 -limestones, writing chalk, marls, sandstones and bedrocks; Coniacian and Santonian: limestones, marls, bedrocks, writing chalk, local glauconite sands; 6 -stated dislocations, 7 -state border.
The intake used by Głubczyckie Wodociągi i Kanalizacja sp. z o.o. operates under the permit no. OŚ.6341.34.2011 required by local Water Law Act issued by the district head of Głubczyce District. The water intake consists of one borewell which uses quaternary aquifers. Water is drawn from the depth of 7 metres and average well efficiency is 3.7 m3/h. Good water quality allows for its direct use, without the necessity to purify it. The results of analyses of the most important parameters of water quality in the well in Mokre are presented in Tab. 1. Therefore, water from the well could be directly fed to the storage tank with capacity of 40 m 3 from where, through gravity flow, it was supplied to consumers. It is important to highlight the fact that the intake in Mokre is a very small intake, supplying water to barely over 200 residents and the cost of maintenance of intake and distribution system significantly exceeds revenues from sales of water. In line with amendment of the regulation of the Minister of Health on the quality of water intended for human consumption the owner of the intake was obliged to conduct the tests for content of radioactive substances in water intended for human consumption. The initial monitoring of radioactive substances containing the first test of level of concentration of radioactive substances in terms of occurrence of radioactive substances related to radon, radium isotopes: Ra-226, Ra-228 and tritium detected an increased concentration of radon in the intake in Mokre. The standard included in the Regulation of the Minister of Health established at the level of 100 Bq/L was exceeded by 96%, the concentration of radon at the level of 196 ± 49 Bq/L was also observed. The next analyses conducted in February 2018 confirmed the presence of radon in increased concentrations and the value of measurement result was 281 ± 59 Bq/L. In line with the legal requirements, it is necessary to prepare the evaluation of water health risk and implement corrective measures aiming to limit the concentration of the aforementioned substance in water. According the above data, risk of lung cancer from breathing radon in with air is much larger than risk of stomach cancer
Annual effective dose equivalent of radiation
The calculations of annual effective dose equivalent of radiation (ADE) were based on assumptions presented by Pawula [15] who used the tests of the National Institute of Hygiene. According to the presented data, the exposure to radon in air, with radon concentration of 1 Bq per 1 m 3 of air, during the time of 1 hour, results in intake of an effective dose equivalent (EDE) of ionizing radiation at the level of 9 nSv by an adult person. The calculations were also based on the assumption of WHO that an average release of radon into the air is equal to ca. 10% and does not exceed 50% of total radon concentration in water. At the same time, according to Pawula [15] , it was assumed that the equivalent equilibrium concentration (EEC) for radon inside buildings F is 0.4. The assumed estimated time of exposure to direct impact of radon: 30 minutes (average time spent in the bathroom while bathing).
Substituting data in the formula (1) the radon emission in the bathroom was calculated (2)
where: In case of efficient ventilation, this value will be even lower. Meanwhile, the estimates made by the National Atomic Energy Agency show that the annual effective dose equivalent of ionizing ration received by a statistical Polish citizen from different sources of ionizing radiation (without, e.g. contamination upon breakdown in Czarnobyl, X-ray medical diagnostics, radionuclides in soil, radon inside and outside building) in 1997 was 3.08 mSv.
Conclusion
Every day people are exposed to small amounts of ionizing radiation, not only from water sources, but also from radionuclide constituting a natural radiation background which varies according to the environmental conditions. Although radon gets into some homes through water, it is important to first test the air in the home for radon. While deciding whether or not to take steps to reduce the concentration of radon in drinking water supplies, it is important to take account of the contribution of other sources of radon to the total radiation dose. Any action should be both justified and optimized and take account of local conditions. The problem of radon in Mokre in Głubczyce poviat appeared with the necessity to identify radon in drinking water which was connected with the amendment of the Regulation of the Minister of Health on the quality of water intended for human consumption. However, the achieved results of radon concentration were not surprising because, due to geological structure of this land, this situation could be foreseen. Especially, considering the fact that radon had been removed from water for a few years [2] in nearby Krnov.
Nevertheless, until 30.11.2017, there was no obligation to measure this parameter in Poland. At the same time, evaluating the health threat connected with radon content in water, it is necessary to state that it is insignificant as the calculated annual effective dose equivalent of radiation coming from tap water is very low. It is also necessary to highlight that data on increased lung cancer occurrence in the higher radiation level areas presented in the literature are not unequivocal.
The problem of an influence of low doses of radiation, similar to background levels, is still under debate and this is the reason for studies of the correlation between natural radiation levels and cancer cases. The tests conducted by Polish doctors in 2012 [14] show that the relative risk of cancer deaths is lower in the higher radiation level areas. The decrease by 1.17%/mSv/year (p = 0.02) of all cancer deaths and by 0.82%/mSv/year (p = 0.2) of lung cancers is only observed. The tests conducted by Sanders also [18] confirm that some doses of ionizing radiation can decrease the number of cancers in the population. Feinendegen et al. [19] , Calabrese and Baldwin [20] and Luckey [21] said that the possible radiation hormetic effect is connected with adaptive response of the human immune system which is activated for better protection and repair of DNA damage.
In conclusion, the problem of radon content in drinking water and its release to rooms has always been present in Poland, however, so far, it has not been necessary to conduct detailed analyses. Since the calculations presented in this paper are highly estimated, the next stage of tests was started in Mokre in March 2018 with the use of passive dosimeters. 10 residential facilities were selected for tests in which 4 cassettes -two in the bathroom and two in the rooms without water taps -were placed. The cassettes will be exposed for the period of minimum 3 months and next they will be subject to analyses in the laboratory. At the same time, intensive tests on removal of random from water in the storage tank are conducted. The results of these tests will be presented in the subsequent publications.
